Background. Sleep disorders are common in patients with renal failure on dialysis; however, the prevalence of 'poor sleep' in patients with chronic kidney disease (CKD) not yet on dialysis is not known. This study aimed to measure the prevalence of 'poor sleep' in CKD patients and to examine the association between quality of sleep and the degree of renal impairment in this population. Methods. Quality of sleep was measured using the Pittsburgh Sleep Quality Index (PSQI) in 120 prevalent CKD patients. Results. Sixty-three subjects (53%) had 'poor sleep' defined as a global PSQI score >5. There was no statistically significant relationship between the global PSQI score and the blood urea nitrogen level (BUN), serum creatinine level or calculated creatinine clearance, but the sleep efficiency component score correlated with BUN (r ¼ 0.19, P ¼ 0.04) and serum creatinine (r ¼ 0.20, P ¼ 0.03). A history of depression was the only independent predictor of 'poor sleep' (global PSQI >5). Conclusions. 'Poor sleep' is common in CKD patients. Quality of sleep decreases in the early stages of CKD and does not appear to be associated with the subsequent degree of renal failure. Large prospective longitudinal studies of quality of sleep in CKD patients are needed to confirm the high prevalence of impaired quality of sleep in this population and examine the association between renal function and quality of sleep while controlling for potential confounding variables.
Introduction
Decreased quality of sleep is common in dialysis patients and is associated with decreased health-related quality of life [1, 2] . The reported prevalence of 'poor sleep', including sleep-wake complaints, sleepdisordered breathing and excessive sleepiness, in dialysis patients is in the range of 45-80% [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The prevalence of 'poor sleep' in patients with chronic kidney disease (CKD) not yet on dialysis is not known. The objectives of this study were to measure the prevalence of 'poor sleep' in a prevalent population of CKD patients and to examine the association between quality of sleep and the degree of renal impairment in this population.
Subjects and methods
This was a cross-sectional study of prevalent patients attending the CKD clinic at Kingston General Hospital (KGH). The end-stage renal disease (ESRD) programme at KGH is the only provider of renal replacement therapy (RRT) for the region of south-eastern Ontario, Canada. The CKD programme at KGH is a component of the ESRD programme. The primary objectives of the CKD programme are to retard progression of CKD and to prepare CKD patients for timely initiation of RRT when ESRD is reached. To enter the CKD programme, patients usually have an irreversible elevation in the serum creatinine >250 mmol/l (Â 0.85 for females), but this degree of elevation in the serum creatinine is not an absolute requirement. The study subjects were recruited consecutively during the regular CKD clinic visits over a 3 month period. The quality of sleep, renal function and the other variables were measured concurrently at the time of enrolment. Patients were excluded if they were <18 years of age, if they were unable to understand English or if they were not competent to give informed consent. The Queen's University Research Ethics Board approved the protocol. estimated creatinine clearance calculated using the Cockcroft-Gault equation [11] . For categorical analysis the subjects were separated, based on creatinine clearance, into five groups corresponding to the five stages of the K-DOQI classification of CKD [12] .
Quality of sleep
Quality of sleep was measured using the Pittsburgh Sleep Quality Index (PSQI) [13] . This self-administered questionnaire assesses quality of sleep during the previous month and contains 19 self-rated questions yielding seven components: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, use of sleep medications and daytime dysfunction. Each component is scored from 0 to 3, yielding a global PSQI score between 0 and 21, with higher scores indicating lower quality of sleep. The PSQI is useful in identifying 'good sleepers' and 'poor sleepers'. A global PSQI score >5 indicates that a person is a 'poor sleeper' having severe difficulties in at least two areas or moderate difficulties in more than three areas [13] .
Other variables
Age, sex, cause of renal disease, living alone, post-secondary education, employment, depression, haemoglobin, erythropoietin dose, serum albumin (bromcresol purple method), serum total calcium and serum phosphorus were determined from interview and chart review. Comorbidity was measured using the modified Charlson Comorbidity Index (CCI) [14] . Age was not included in the index, in order to examine the influence of age on quality of sleep independent of comorbidity. Depression was defined as depressed mood, as confirmed by a previous diagnosis of depression.
Statistical analysis
The analysis was performed using statistical software SAS Õ System for Windows release 6.12 (SAS Institute Inc., Cary, NC, USA). The prevalence of 'poor sleep' was determined by the proportion of subjects with global PSQI >5. Student's t-test was used to compare the means of normally distributed variables between groups and the Mann-Whitney U-test was used for variables that were not normally distributed. Differences among categorical variables were analysed using the chi-square test or the two-tailed Fisher's exact test, as appropriate. The level of significance was ¼ 0.05 for all comparisons. Multiple logistic regression with forwards stepwise selection ( ¼ 0.05) was performed to identify factors independently associated with 'poor sleep' (PSQI >5).
Results

Univariate analysis
One-hundred and thirty subjects were eligible to enter the study during the study period. Ten subjects were excluded: three language barrier, six refused and one recovered renal function and had a normal serum creatinine. One-hundred and twenty subjects were included in the study. There were missing values for weight due to wheelchair use (three subjects) and for albumin (two subjects), calcium (three subjects) and phosphate (four subjects) due to absent, insufficient or inadequate blood samples. Complete data are available for all other variables. The characteristics of the 120 subjects are shown in Table 1 . One subject was Asian, one was African Canadian, two were Native Canadian and the remainder were Caucasian. The causes of renal disease were glomerulonephritis (14 patients), diabetic nephropathy (30), vascular/hypertension (39), obstruction (2), interstitial nephritis (12), polycystic kidney disease (7) and unknown (16). The mean (SD) and range of the global and component PSQI scores are shown in Table 1 . Sixty-three (53%) subjects were 'poor sleepers' (global PSQI >5). Sleep disturbance was the component of PSQI with the greatest degree of abnormality, followed by sleep latency. The distribution of subjects among the five K-DOQI classes of CKD severity was: 0 subjects in Stage 1, 2 in Stage 2, 15 in Stage 3, 66 in Stage 4 and 34 in Stage 5. Three subjects had missing values for weight and creatinine clearance.
Bivariate analysis
There was no significant correlation between the global PSQI score and any of the continuous variables, including BUN, serum creatinine, creatinine clearance or log transformed creatinine clearance. The sleep efficiency component score correlated with BUN (Spearman r ¼ 0.19, P ¼ 0.04), serum creatinine Table 2 . Compared with 'good sleepers', 'poor sleepers' had a greater proportion of depressed subjects. The mean creatinine clearance was lower in 'poor sleepers' compared with 'good sleepers', but this was not statistically significant (NS) NS) . Given the small number of subjects in some of the CKD stages, the subjects were also separated into two groups ('group 1' and 'group 2') defined as creatinine clearance above and below 17.8 ml/min, the median creatinine clearance for the group, respectively. The quality of sleep for group 1 compared with group 2 is shown in Table 3 . The scores for global PSQI, subjective sleep quality, sleep latency, sleep duration and sleep efficiency were higher, indicating lower quality of sleep, in group 2 compared with group 1, but these trends did not reach statistical significance.
Multivariate analysis
The only significant independent predictor of 'poor sleep' (PSQI >5) in multiple logistic regression was the presence of depression (odds ratio ¼ 3.07, P ¼ 0.026). The results did not change with consideration of diabetes independent of the CCI or with consideration of all the other individual comorbidities as independent variables.
Discussion
The prevalence of 'poor sleep' in the present study was 53%. The likelihood of selection bias is low given the low non-participation rate and the fact that this is the only CKD programme in the region. There are no other Results are means (SD) unless otherwise specified. contemporary studies of quality of sleep in patients with
CKD not yet on dialysis available for comparison. The prevalence of 'poor sleep' in the present study is similar to the 45-80% prevalence of sleep-wake complaints, sleep-disordered breathing and excessive sleepiness in patients with ESRD on dialysis, assessed by various means including formal polysomnography [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In a previous study we examined the quality of sleep in 89 subjects with ESRD on haemodialysis using the PSQI and found a prevalence of 'poor sleep' (global PSQI >5) of 71% [2] . Despite the fact that the definition of depression used would have misclassified subjects with new onset of depression and treated subjects who were no longer depressed, the presence of depression was the only significant predictor of decreased quality of sleep among the independent variables considered. The association between depression and quality of sleep is well established and has been reported previously in dialysis patients and in people with normal renal function [2, 13] . There was no association between the degree of renal impairment and the quality of sleep. The best evidence that renal failure can directly influence quality of sleep comes from polysomnographic studies in dialysis patients. Obstructive sleep apnoea (OSA) and periodic leg movement during sleep (PMLS) serve as a feasible model for this association. OSA is common in dialysis patients [6, 7] . Slow nocturnal dialysis and transplantation improve or reverse OSA [6, 15] . It has been hypothesized that OSA in dialysis patients is due to central destabilization of ventilatory control and upper airway obstruction related to acidosis and airway oedema, respectively [6] . Hanly et al. [5] examined daytime sleepiness with multiple sleep latency tests in 24 haemodialysis patients and found strong correlation (r ¼ 0.58, P ¼ 0.01) between sleep latency and BUN. A number of previous studies have examined the association between dialysis adequacy measured by small solute clearance, Kt/V urea and sleep-wake complaints and found no relationship [1] [2] [3] . In the present study there was no association between renal function and the global PSQI score, but there was an association between BUN and serum creatinine and the sleep efficiency component score (the number of hours slept vs the number spent in bed) in the expected direction.
Given the large number of correlations these results must be interpreted with caution, but the fact that both BUN and creatinine correlated with the sleep efficiency component score decreases the likelihood that this is a chance finding. The fact that the prevalence of 'poor sleep' in CKD was nearly as high as the prevalence of 'poor sleep' in dialysis patients suggests that quality of sleep decreases very early in CKD. One can only speculate on the factors that lead to decreased quality of sleep at early stages of renal failure. In dialysis patients, global PSQI is inversely associated with serum albumin and haemoglobin [2] . In the present study there was no association between the global PSQI and these variables, but there was an inverse relationship between the sleep disturbance component score and serum albumin level and there was a trend to higher sleep disturbance component scores with decreasing haemoglobin level. While there is biological plausibility and consistency with previous studies in dialysis patients [2] , these associations demand further investigation. It seems likely that many factors that lead to decreased quality of sleep in CKD patients, such as depression, are not specific to renal failure.
The main limitations of the present study are the lack of a suitable control group, absence of polysomnography and a sample size that does not permit the meaningful evaluation of the large number of variables that can influence the quality of sleep. The present study had only 60% power to detect a 20% difference (40 vs 60%) in the prevalence of 'poor sleep' (global PSQI >5) between subjects in group 1 compared with group 2. There was a trend to higher PSQI scores in group 2 compared with group 1, which may have reached significance with a large sample size. Due to the crosssectional design it was not possible to establish cause and effect in the associations examined. The prevalent study population with little ethnic diversity limits the generalizability of the results of this study to other populations, however, the fact that the prevalence of 'poor sleep' in the present study is similar to the prevalence of sleep-wake complaints in a variety of studies of dialysis patients suggests that the magnitude of sleep problems is similar among different populations.
In conclusion, the results of this study suggest that 'poor sleep' is common in CKD patients and that quality of sleep decreases in the early stages of CKD. We hypothesize that the causes of decreased quality of sleep in CKD patients are not specific to chronic renal illness and probably involve psychiatric disorders, such as depressed mood. Large prospective longitudinal studies of quality of sleep in CKD patients are needed to confirm the high prevalence of decreased quality of sleep in this population and examine the association between renal function and quality of sleep while controlling for potential confounding variables. Such studies need to start at an early stage of renal failure and include pertinent normal and chronically ill control subjects. Polysomnographic studies of CKD patients are needed to assess the prevalence of OSA and PMLS.
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